Abstract
In the present study, we investigate human remains found at a single Tripolye site known 
25
Verteba Cave has been excavated as an archaeological site since the 1820s, though more 26 intensive excavation has been ongoing since 1996 under the direction of co-author M.
27
Sokhatsky (Borschiv Regional Museum of the Ukrainian Ministry of Culture and Arts).
28
Verteba is a gypsum cave located in Western Ukraine, in the boreal forest-steppe zone of the 29 East European Plain. It is one of many vast underground cave systems in the region.
30
Interpretations surrounding the use of the cave vary during these periods. Some believe 31 the cave was used as a temporary shelter, while increasing archaeological evidence suggests use 32 as a ritual site or a mortuary function. There is also evidence to support the idea that individuals buried in the cave, which are largely secondary in nature, are victims of warfare or 1 sacrifice, due to the high frequency of blunt force trauma [17, 40] . Regardless, the cave contains 2 the largest accumulation of human remains associated with the Tripolye culture. In fact, very 3 few Tripolye culture human remains exist, making the cave one of the most important sites to 4 investigate diet, health, pathology, and population history of Trypillian peoples [18, 19] .
5
Using data obtained from the mitochondrial HVR-I region, we ask several interrelated 6 questions about individuals buried at Verteba Cave. First, is there evidence for a maternal 7 genetic continuity, and thus a degree of cultural diffusion, with local Mesolithic 
18 19

Results
21
To test reproducibility, we cut each specimen into 2 or 3 pieces and extracted DNA from each, and obtained 156 DNA extractions from 63 specimens (53 bones and 10 teeth) from 23 chambers in the VC cave (Fig. 1) . Using the DNA extractions as templates, we conducted 24 PCR-amplification, and successfully amplified 38 specimens using all three defined overlapping 25 primer-sets (Table 1) . We sequenced 114 PCR amplicons using the Sanger method on an ABI 26 3130 Genetic Analyzer, and obtained sequences from 34 specimens for all three amplicons.
27
We removed sequences from 6 specimens with amplicons that were mutually incompatible in 28 nucleotide sequences, and finally obtained highly reliable 368-bp sequences from 28 specimens 29 (Table 2 , Additional file 2)
30
Eight defined sequence types ('Seq Type') of mtDNA D-loop were detected in 28 31 specimens, as well as the sequence types for two of us (K.W. and R.S.), who worked on DNA 32 extraction. K.W. and R.S. sequence types were not identical to the eight sequence types except generations, or (2) the specimens (bone fragments and/or teeth) are from the same individual.
23
This could be the case as all of the elements from site G3 were different (Size 28 in Tables 3, 4 , 24 5). However, because archaeological excavation has not been completed for site G3, it is 25 unclear which of these two possibilities is the case. We consider the two possibilities as both 
29
We next calculated population genetic statistics for the VC specimens (conducting analyses 30 for both 28 and 11 individuals separately) and made comparisons with modern populations 31 ( In individuals from VC, haplogroups T and K also showed significant frequencies (3.6 ~ 9.1% 23 and 7.1 ~ 18.2%, respectively). The ranges of the frequency of haplogroups reported here fall 24 within the variation of modern European and West Asian populations (Table 4) .
25
In comparison with ancient groups, VC haplogroup frequency is most similar to Neolithic 26 farmer groups from Central Europe, as well as Funnel Beaker groups from Central (Salzmünde,
27
Baalberge Cultures from Germany) and Northern Europe, particularly with respect to 28 haplogroups H, HV, and T (Table 5 ). The Funnel Beaker cultural complex overlapped in 29 territory with the Tripolye culture in the upper parts of the Dniester River and adjacent areas,
Discussion
2
In this study we have attempted to answer a number of related questions surrounding
3
Trypillian population history using data gleaned from maternal ancestry. We include at most findings answer (in part), some fundamental aspects of Trypillian people's genetic affiliation 7 with other Neolithic groups.
8
To address the complexities associated with the transition to farming (or the process of 
6
Previous ancient DNA studies showed that hunter-gatherers before 6,500 yrBP in Europe 7 commonly had haplogroups U, U4, U5, and H, whereas hunter-gatherers after 6,500 yrBP in hunter-gatherers only after 6,500 yrBP, indicating a degree of admixture in some places 10 between farmers and hunter-gatherers. Farmers before and after 6,500 yrBP in Europe had 11 haplogroups W, HV*, H, T, K, and these are also found in individuals buried at Verteba Cave 12 (Table 5 ) [32] . Therefore, our data point to a common ancestry with early European farmers.
13
Our data also suggest population replacement. 
23
Although we find a negative value for Tajima's D when analyzing all of the sampled 24 individuals (n=28), it is not significant. However, we are unable to treat our sample population negative (-1.50475) and significant (p = 0.04900). We theorize that this is due to the fact that 31 individuals buried at Site 7 come from the time of peak occupation in the cave, and therefore
32
were experiencing population aggregation and increased density, and therefore show a signal of demographic expansion. However, when we include individuals from other chambers (such as 1 G3 that most likely date to a later period), we could be seeing the effects of population structure, 
10
As the population increases and resources reach an upper limit, groups would begin to fission 
23
For samples VC036-VC044, our second protocol followed the first with the following 24 modifications based on a "pre-digestion" step recommended in Gamba et al. (2015): Fresh lysis 25 buffer was added to the powder and incubated in a Thermomixer for 1 h at 56°C shaking at 26 1200 rpm. After 1 h, the sample was centrifuged for 2 m at 13,000 rpm and the supernatant 27 was discarded. Fresh lysis buffer was then added to the pellet and incubated at 56°C for 1 h 28 followed by 37°C overnight, shaking at 1200 rpm. After ultra-filtration in an Amicon® the centrifugation speed was reduced to 8,000 rpm and the elution step included a 5 m 32 incubation at room temperature. 
26
Mitochondrial DNA variability in Bosnians and Slovenians. Ann Hum Genet. 
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Genomic Affinities of Two 7,000-Year-Old Iberian Hunter-Gatherers. Curr Biol. 
29
Strontium isotopes, and osteological analyses shed light on social and kinship Table 1 . mtDNA Primers used in this study. Camber  Sample  Bone or  Tooth   70  93  126  192  209  223  224  256  292  294  296  304  311  324  356  362 Predicted Haplogroup 
